How elite-level soccer dynamics has evolved over the last three decades? Input from generalizability theory ¿Cómo ha evolucionado la dinámica del fútbol de élite en los últimos treinta años? Aplicación desde la teoría de la generalizabilidad 
Introduction
Soccer dynamics have evolved not only as a result of improved player performance and technique but also in response to environmental factors such as match status, type of competition, competition stage, and quality of the opponent team (Lago, 2009 ). To successfully deal with these constraints, contemporary elite soccer players are required to have high versatility and motor ability, as well as rapid information processing and decision-making (Wallace & Norton, 2014) .
A better understanding of the evolution of behavioral patterns in competitive play over time has arisen from observational analysis. For instance, it is known that e ective playing time and rhythm has increased from the 1990 FIFA World , which in turn resulted in higher player density and congestion in the centre of the game (Norton, 2013) . In friendly and FIFA World Cup matches (1953, 1974, 1998, and 2002) , the distance covered by players, goalkeeper participation, rst touch style of play, ball speed, and successful long passing have increased over time (Kuhn, 2005) . However, notational methods of observational analysis are limited in their scope to describe and predict the complex interactions of events that occur between players and the environment over time (Duarte et al., 2010) . is might provide an explanation as to why some authors have failed to nd di erences in defending and attacking behaviors (e.g. pass, running with the ball, reception, shot) (Poyatos, 1994 ; Barreira, Garganta, Castellano, Prudente, & or in the patterns of eld space position and interaction (Castellano, Perea, & BlancoVillaseñor, 2009 ).
Only few temporal performance studies have investigated the occurrence of consistent and recognizable patterns of play (Wallace & Norton, 2014) , which could reveal performance indicators that, for instance, could explain the average reduction of 1.66 goals per game from Uruguay 1930 to Germany 2006 (Castellano, Perea, & Hernández-Mendo, 2008 ). However, no variables other than time have been taken into account. To overcome this limitation, generalizability theory started being adopted for its capacity to identify components of variance and their interactions (Blanco-Villaseñor, Castellano, & Hernández-Mendo, 2000; Blanco-Villaseñor, Castellano, Hernández-Mendo, Sánchez-López, & Usabiaga, 2014). In addition, it allows one to identify and estimate the extent of potentially important sources of error in a measurement (Shavelson, Webb, & Rowley, 1989) . In soccer settings, generalizability theory has been applied to investigate the in uence of variables such as competition, interactional context, result, and play zone in performance (Blanco-Villaseñor et al., 2000; Castellano, Perea, & Blanco-Villaseñor, 2009).
e aims of this study were: (i) to identify the variables that have shaped the patterns of play over time; and (ii) to describe and explain the evolution of tactical and technical behaviors, as well as the structural and interactional con guration of elite-level soccer played in the last 30 years of European and World Cup matches.
Method
Observational methodology was used to allow for direct observation and recording of spontaneous attacking soccer drills in their natural setting (Sánchez-Algarra & Anguera, 2013). e study was approved by the Ethics Committee of the Faculty of Sport, University of Porto (CEFADE 10/2012).
Design
e observational design, in accordance with the speci c taxonomy, was nomothetic (6791 attacking drills performed by 60 teams were recorded from the FIFA World Cups between 1982 and 2010), followed-up (continuous recording across matches, with independent observation of each of the two opposing teams) and multidimensional (seven criteria included in the observational instrument) (Anguera, BlancoVillaseñor, Hernández-Mendo, & Losada, 2011).
Participants
A successful team is one that reaches the semi-nal rounds in elite competitions (Grant, Williams, Reilly, & Borrie, 1998 ) was used to analyze data quality. SAGT (v1.0) and SPSS (v20.0) statistical software were applied to estimate the percentage of variability as well as their various interactions, and to check for di erences between SoccerEye categories across the three decades considered, respectively.
Procedure
Data quality. Inter-observer reliability was calculated to assess data quality. Cohen's kappa index (k) was calculated from the observations of the second half of 1990 FIFA World ) and absolute (ξρ
) coe cients of generalizability yielded values between 0.89 and 0.99 for SoccerEye criteria, corresponding to excellent levels of reliability, generalizability, and precision (Castellano et al., 2008) . Data were generalizable to a universe score close to 1.
Overall analysis showed that criteria (Y), alone or in interaction with other variables, such as decade (D*Y) or decade and match status (D*S*Y), explained the most variance of the applied model (r 2 ≥0.77) (Table 3) . However, the residual error (D*C*H*S*Y) for criteria 1 (start of o ensive phase) and 5 (patterns of pitch space position)-19.6% and 6.7%, respectively-alerted us to the fact that more variables should be included to completely explain the variability of the model. Hence, taking in consideration the in uence of the other variables-decade, competition stage, halves of the match, and match status-we found that decade explained 31.4% of the variability in soccer dynamics, followed by match status (28.0%), competition stage (26.5%), and halves of the match (18.1%) (Figure 1 ). e most in uenced criteria by situational variables were the start of o ensive phase and the centre of the game: on the one hand, the way the ball was recovered changed in 9.8% due to competition stage, while decade, match status, and halves of the match exerted less in uence (6.9%, 5.9%, and 4.0%, respectively) on the recovery of ball possession; on the other hand, decade (17.0%), followed by match status (11.6%), competition stage (9.5%), and halves of the match (7.2%) strongly in uenced the variation of numerical contexts at the centre of the game (Figure 1) . Moreover, the comparison of defence/attack transition state, progress of ball possession, end of o ensive phase, and spatial pattern of interaction between teams revealed that the environment explained no more than 8% of the variance in playing patterns. e interaction between decade and criteria variables showed that the use of pitch zones (1.7%) as well as the player density at the centre of the game (5.6%) changed over time (Table 3) . (Table 4) .
In what it concerns the structural criterion (patterns of eld space position), the use of the central areas of the mideld zone decreased during the last decade (2002-2010) (p=0.05). is means that the central defensive zone, which is the area where the goalkeeper predominantly stands, is nowadays less used than in the rst decade (p=0.03). is is in agreement with the above observation of less frequent opponent goalkeeper intervention. On the other hand, the occurrence of behaviors along the right side line increased during the last years, especially at the right defensive (p=0.01) and right mid-o ensive zones (p=0.01) ( Table 4) . e start of the attack and the centre of the game were the most in uenced by the above-mentioned variables. e way the ball was recovered across the last 30 years was in uenced by competition stage in 9.8%. is corroborates with previous research showing that direct types of ball recovery, in particular interceptions, tackles, and defensive actions followed by passes, were signi cantly di erent in group and play-o stages of FIFA World Cup 2010 (Barreira, Garganta, Guimarães, et al., 2014). In 1986 FIFA World Cup, the playing styles were in uenced by the competition stage (Pollard & Reep, 1997) . Decade and halves of the match explained 6.9% and 4.0% of the variance, respectively. Player density was also a ected by situational variables. Although we found that 17.0% of the variance occurred due to the decade facet, match status (11.6%) also exerted high e ect on the behaviors of players and their teams. For instance, match status explained 5.9% of ball recovery variance, con rming a study that reported that winning teams predominantly recover ball possession in mid-defensive zones, while loosing teams tend to recover the ball in the mid-o ensive pitch sector (Barreira, Garganta, & Anguera, 2011) . After scoring, a team tends to use a more defensive strategy, i.e. decreased ball possession and increased counter-attacking or direct play; in the defensive half of the pitch, however, ball possession increases (Barreira et al., 2011; Lago & Martín, 2007) . e numerical contexts in the centre of the game have changed over the last three decades, con rming results obtained for elite-level Australian football, rugby union, and soccer (Norton, 2013) . We also found that modern elite teams had more di culties to create favorable numerical contexts in the area of play than in the past, i.e. the relative and absolute numerical inferiority of the attacking team increased in 2002-2010, while the numerical equality and relative numerical superiority contexts between attacking and defending teams have decreased. e absolute numerical superiority was the exception to this trend, signi cantly increasing its occurrence in 2002-2010, probably due to the evolution towards greater hang back defensive strategies. More defensive strategies at defensive and mid-defensive lines have probably led to fewer attacking drills in comparison with 30 years ago.
e goalkeeper appeared to be less participative, which is in agreement with the observation that increased player density might be related to better defensive strategies (Wallace & Norton, 2014 ).
Higher player density has increased pressure in the centre of the game, thus increasing the complexity of the decision-making process. For instance, in soccer the probability of scoring doubles for every meter of free space around the shooter when shooting for goal (Pollard, Ensum, & Taylor, 2004) . To overcome this issue, teams have increased the passing rates (11.3 passes/min in 1966 and 15.3 passes/min in 2010) (Wallace & Norton, 2014) . Our results con rmed that long passing increased, and individual behaviors decreased over time.
Practical implications
In the present study we intended to identify the variables inuencing the patterns of play and the evolution of tactical and technical behaviors, as well as the structural and interactional con guration over the last 30 years of European and World Cup soccer matches through the last three decades. Contemporary soccer implies teamwork, the collective commitment in the search for a shared objective: winning, which is expressed by less individual behaviors and increased passing rate. is might be a response to repeated numerical disadvantage of attacking teams in the centre of the game. Consequently, contemporary teams operate on the wings, which has probably increased the frequency of throw-ins. Nevertheless, attacking drills are less frequent, a possible consequence of increased congestion in the mid eld during defensive tactics. In summary, the playing patterns have changed to allow players and teams to move successfully through high-density eld areas during attacking drills.
In summary: -stand how situational variables in uence the behavior of successful elite soccer teams.
reveal the attacking strategies of the studied teams. teams based on evolution trends might help tailor training programs.
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